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P 1 7 ABSTRACT 

Lead fluoride acts as a densifyjng and stabilizing ingre- 
dient for a propellant. 
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BACKGROUND OF THE IKVEI’GTION 

This invention relates to explosives and more pa&u- 
My to that branch of explosives known as propellants 
Nfherein the propellants are those stabilized and densi- 
fied with at least one lead fluoride. 

In the explosive field there are four general subdivi- 
sions -( 1) primary explosives (2) secondary explosives, 
(3) pyrotechnics+ and (4) propdfants. The primars ex- 
plosives are generally very sensitive and serve to inkate 
a other less sensitjve explosives. A secondary explosive 
has high brkance and shattering power but little propel- 
ling pou’er. blast secondary explosives are usually less 
sensitive than primary explosives and require a primary 
explosive to initiate them. Pyrotechnics bums to pro- 
duce visible smoke or provide light. Propellants, which 
are embodied in this invention, are designed to product 
3 large quantity of gas qujckly to provide a propelling 
or driving force for shells or rocket,s. 

The development of a useful propellant requires that 
may characteristics of the propellanr be balance. Some 
critica characteristics of a propellant are density, stab& 
ity, and combustion efkiency. High density is usually 
desirable for a propellant because systems in which a 
prop,Pl!ant is used are generally limited in volume. A 
greater weight of a high density propellant is, therefore, 
preferred fur use in a volume-limited system. A compar- 
ison of the thrust per pound of different propellants 
considered in relation to the volume and density of each 
gives an indication of the performance of the propellant, 
Also, the propellant must bum substantially completely 
in order to make best use of the propellant. For exam- 
ple, stindard high-energy praptllants contain aluminum 
which must completely oxidize for highest energy pro- 
duction. However, the aluminum in a prope!lant rarelv 
provides close to 100% of the available energy due tb 
its failure to undergo complete oxidation ;he aluminum. 

Lead or lead compounds are a possible solution to the 
density protkms. However, fead compounds and lead 
create other problems because of incompatibility with 
other pqxllant components. Tirus, use of lead contain- 
ing materials to provide high density fuels for propel- 
lants is not known at this time to be feasible. 

Smbility is anather critical characteristic of a propel- 
lant. A propellant, for military purposes, must maintain 
its thrust, power, and physical characteristics over a 
temperature range of - 65’ F. to 165“ F. (approximately 
-54’ C. to 74’ C.). Double base and composite modi- 
fied double base propellants have an additiunal smbilitv 
problem. Tkse propeUants are susceptible to the fo;- 
mation of internal gases with aging. The gases thus 
formed cause cracking of the propellant and destruction 
of the physical pro&es of the propellant. 

Therefore. ir is an object of this invention to provide 
E tomposi~ion suitable for use as a propel!axl having 
high densi:y. 

Also, an object of this invention is IO pro~~kk a COTT;- 
position suitahIe for use as a propejlanr halving high 
combustion efficiency. 

2 
It is a still further object of this invention to provide m 

a composition suitable for use s a propellant having 
reduced gassing tendencies. 

Another object of this invention is to provide a lead 
compound suitable for use in a propellant. 

These and other objects of the invention are met bv m 
incorporating in the propellant at lest one lead fluoride 
selected from the group consisting of PbF2 and PbF4. 

DESCRIPTIOX OF THE PREFERRED 
EMBODIMENTS 

A propellant having at least one lead ff uoride seleckd 
from the group consisting of PbF2 and PbF4 incorpu- 
rated therein has stability, high combustion efkienc~, 
and high density, 

had fluoride, which can be produced by any Stan- 
dard process sucl~ as the D~OC~SS disclosed in U.S. Pat. 
No. 2,972,5 I5 to Mackrin: incorporated herein by reier- 
ewe, produces a number of advantages when incorpo- 
rated in a propellant. Efftciency of combustion is im- 
proved substantially and the improvement is directlv 
proportion81 to the amarrnt of !ead fluoride used in the 
propellant. liead fluoride also increases the density- 
impulse product and increases the delivered impulse per 
unit volume. A lead fluorjde-containing propellant also 
shows improved results by reducing the gassing of the 
stored propellant. About 5% to 45% lead fluoride bp 
weight of the propellant is suitable for use without a 
substantial sacrifice in tht ather properties of a propel- 
lant. About 10% tu 34% lead fluoride requires less 
sacrifice of other propellant qualities. About 17% to 
26% of the lead fluoride is preferred. 

Lead fluoride acts in a propellant to increase densit17, 
and combustion eff~ckncy, as well as to increase the 
desired stability. It is possible to formulate a propellant 
on paper and test that propellant by cornpurer. In the 
test by computer, certain values are calculated and 
compared with the desired result. If the calculated re- 
sults are promising, the propellant is fomulated, Then 
an actual test is run. Usually a panicurar additive: has 2n 
actual value lower than its caiculated value. The results 
of this invention show actual va3uts substantiall_v in 
excess of 90% of the calculated value. 

Lead fluoride is suitabie for use-in anv amount with a 
propellant. The above cited ranges are believed, hour- 
ever, to be the most useful. Witha double base propel- 
lant or a composite modified double base propellan:, 
lead fluoride reduces the internal gassing which causes 
the cracking of the propellant. U’hen &minum is a 
component ‘of the propellant, Iead fluoride assists the 
complete comt,ustion of&c aluminum in the propellan:. 
Lead fluoride is compatib!e with propellants whereat 
other lead compounds are neither compatible with nor 
provide srabiIity in the propellant. 

l 

The only sacrifice in 3 propellant caused by using 
lead fluoride is that the specific impulse (available en- 
ergy per unit weight of propellant) is somewhat re- 
duced. This is offset by the increased densiry, thus giv- 
ing high values of volumetric impulse (available energ! 
per unit volume) as evidenced by the produS of specific 
impuke and density. 

The followGng examples are intended to illustrate 
witlmut unduly limitiilg rhe invention. AlI parts and 
percentages are by weight uniess otherwise specified. 
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12.170% metriol trinitrate; 
2.ooO5 triethvlene &co1 &nitrate; 
0.700% ethvl kntralite; 
0.300% resourcino1; 
8.OW% nitrocellulose(as piastisol nitroceIlulose of 

U.S. Pat. No. 3,67f,S15 to Cux et al with 12.6% N 
by weight of titrocellulse); 

32.830% ammonium per&loratc; . 
1 $.ooO% alumrnum; 
2&m% lead fluoride. 
The ballistic parameters of t)re propellant are c&u- 

lated and reported in Tables 3, TT, and TTI. Table I shows 
the composition of the formulation, the heat of forma- 
tion and density of the components which are computer 
analyzed by free energy miniminization for burning at 
1,ooO pounds per square inch pressure absolute@sia) 
(351.9 kiiograms per square centimeter (K/,,2j) wish 
the propellant eases exhausting tu 14.7 psia(5.0 K/cm& 

Table II shows tk properties and composition of the 
propellant gases in Ihe combustion chamber. 

Table III shours the properties and compositian of the 
exhaust gasses. It also predicts the theoretical specific 
impulse density and volumetric impulse (RHO-TSP). 

TABLE T 

5 

10 

1s 

20 

ALF2 
ALO 
CHq 
w 
CLF 
HF 
HO 
N 
02 
PBF 
PBF4 
At203s 

4 
TABLE II-continued 

COMPUTER CALCULAflOh’S 

.Ix)6?/ 6.67E-03 ALFs ,ooo4/ 4.25E-W 

.0015/ le48E-03 AL20 *ooo2/ 2.39E-w 

.O/ 3.75Ea CO ,4765/ 4.77~.01 

.oooO/ 4.33E-10 CNH .oooO/ 1 J4E-05 

.ooo(1/ 2.4SEti HCL .174 11 l.f4E-01 

.1308/ 1.31E-U F2 .oooO/ 1.12E-09 

.07S2/ 7.12EU2 H2 .3878/ 3.88E-01 

.ooOl/ 9.85E-05 NO .0096l2.01 E-02 
X049/ 4.93E-03 PBCL .0201/ 2.UIE-02 t 
.caw 1.32E45 PBO .0161,’ 1.61E-02 
.CKKW s.12E-45 NH0 .oooO/ I .60Ec05 
.oooO/ MOE45 A120~’ .2949/ 2+95EUl 

TABLE IIf 
COMPUTER CALCULATIONS 

EXKAUST TEMP. TEMP. PRESS. PRESS. 
RESULTS W-1 RI W-W VW 

2619. 4255. 1.00 14.7m 
ENTHALPY ENTROPY hiOLS GAS 

- 107.06 1G.68 2.129 

AL .oooO/ 4.47EG AKL .m/ 4.46E-M 
ALXL. ,ooW/’ 4.1SE-W ALcL,3 .KOV 3.?lE-M . 

COMPUTER CALCULATlONS 

NGREDIEh7S WEIGHT CAL/G DENSlTY H c N 

,f‘ 

. 12.170 -406.Ml .os311 9.00000 5.00000 3*00000 
2.m -636.55 a667 n.cKmo 6.00000 2.00000 
.700 -116.52 mm 2o.m l7.00000 2.00000 
,300 - 777.01 04596 6.00000 6.W 

8.Kn - 624.63 a5998 7.55000 6.00000 2.ksooo 
32.630 -601.53 .OfoeS 4.00000 L00000 
18mo .oo AH755 
26.ooo - 646.38 .2977 1 

N 0 F’ AL CL PB 

.Wl8/ 1.81E63 

.oooO,’ 1.66E-07 
l oooO/ 8.94E- 3 2 
.05SW 5.90E-02 
.oooO/ 4. ! BE-22 
.[xxKI/ 5.99E-06 
,OX?l/ 3.8 I EU2 
.3232/ 3.23E-Ol 
.2S79/ USE-01 
.oooO/ 2.5 1E-14 
.OBJl/ 8.31E-02 
.#lW 1.00E-25 
.oooO/ -1.00E-25 
.oolU/ 1.03E-O3 
.ooOl/ 9.79E-03 
.oooO/ 7,7UEa6 
.oooO/ 3.77E46 
.Mm/ ,t.XE-i f 
.ocxx>/ 1.95E.13 
.#XW 4.6: E-IIE 
.202?/ 2.@3E-O? 
.W?4/ 7.54EXQ 
.oooO/ 6.16E-ii 
.0301,’ I .4?E- 14 
.oooOi 2.18E-06 
.(xIDo/ I .2FE-19 

ALOF 
ALHo 
-2 
C2f2 
CL 
F 
NH 
NH3 
0 
PBF 
PI32 
ALNs 
PBU’ 
ALCLFz 
ALCL3 
ALF3 
ALzQ 
co 
CNJ-I 
HCL. 
h 
U, 
l 41 

YU 

PDCL 
PBO 
NH0 

.0036/ 3.6X-04 
mm/ 1 h8E-m 
.m/ 7.18s14 
.oooO/ 5.55Eo J? 
.0163/ 1.63E-02 
*ml/ 5.88Ed5 
.oooO,’ 8.76E-07 
.oooO/ 4.50E-05 
.ooo4/ 4.4?E-W 
.0X1/ f.80E-05 - 
.oooO/ 6.29E-W 
.m/ 1 AXE-25 
.oooO/ l .WE-25 
.ooO2/ 2.47EGd 
.oooO/ 8.06E-06 
.ooO2/ 4.80E-01 
.oooO/ I. 1 OEG 
.W/ 4.bhE-@I 
.WM/ 2.0 1 E-07 
.242 i/ 2.4ZE-01 
.~KKIO: 6.68E-: ,7 
.4x!!! 4.WE-O! 
em/ 4.1 sE-02 
.cll w 4 SDE-02 
.oM9/ 4.E6E-03 
.oooOi S.57E-OF 



TABLE III-continued 
cOh{PmER CALcULAfIuNs 

AL$Dzs .oooO/ l.OOE-25 A1203* .392 I/ 3.29E-01 

HYPOTHESIS IMPULSE THR. T THR. P 
SHI~IXG (grn scc/gm) (ATM) (ATM) 

226.6 3677. 39.40 
PROPELLAh7 DENSI-IT OF .08606 (Spg. of 2.382) 

ing including as a component of the propellant at leasr 
one lead fluoride selected from a formula of the $roup 
consisting of PbFz and PbF4. 

2. The propellant of claim I wherein the lead fluoride 
5 comprises 5% to 45% by wei&t of the propellant. 

3. The propellant of ciaim 2 wherein the lead fluoride 
comprises 10% to 34% by weight of the propellant. 

4. In a propellant ccmprising a binder, and an axi- 
dizer, tSe kq&ement compri&g including ask com- 

. 

EXAMPLE II 10 punent of the propellant at least one fead fluoride se- 
lected from a for~~~la of the group consisting of PbF2 

To test stability, the following propellant is formu- and PbF4, wherein the ltad fluoride comprises 17% tu 
lated in a standard fashion by a slurry process: 26% by weight of the propellant. 

14,165 9% mettiol trinitrate; 5, The ppellant of daim 4 wherein the lead fluoride 
Z.ooOYt ttiiethylene glycol din&ate; 
l.UQU%. ethyl centralite; 

15 is PbF2. 
6. The propellant of claim I consisting of 

2.Qoo% polyethylene . glycoI-toluene diisqcyanate 12.170% metriol trinitratc 
prepolymer; 2.ocx)% triethylene &co1 dinitrate; 

8.ocK)% nitroceMose (as in Example I); 0.700% ethyl central&; 
5.0% ammonium perchlorate; 
23.830% RDX 

2u * 0.300% resorcinol; 
32.830: ammonium perchlorate; 

18.ooO% aluminum; 18.ooO% aluminum; 
26.ooO95 PbF2; . 26SW% PbF2; and 
0.005 % dibutyltin dilaurate. 
TIx slurry is cast in a standard fashion into 2 inch 

8.000% plastisol nitrocellulose - all percentages beir.g 

cubes and cured. These cubes are placed in an 80’ C. 25 
based on the weirzht of the proDellant. 

surveillance oven and X-rayed every two or three days. 
7. The propeIlanl if claim 6 v&rein the plastisol 

nitrocehlose contains 12.6% nitrogen by weight of the 
After 24 days of tests no fissures m cracks are discov- nitrocellulose. 
cred by X-ray. Cutting of a sample confirms tht absence 
of cracks or fissures. Control samples using no lead 

8- The proptllant of Aim 1 consisting of 

fluoride crack early in the test. (Time to crack of 2 to 7 30 
14. I 65 % metrid trini trate: 

days are common for the control). A time to crack of 30 
2030% triethylene glycol dinitrate; 
I .ooOS ethyl centralite; 

days is considered to be excellent results. 2400% polyethy~~negl~~~~-toluene diisocyanate prc- 

EXAhIPLE III polymer; 

Propellants were formulated which were similar to. 35 
S.ooO% plastisol nitrocell dose; 
5 000% ammonium perchlorate; 

the above compositions were cast into rocket motors, 2;.830% cvclotrimeth~lcnettiitramine; 
The rocket motors were then tested for delivered U.ooO% &hum pdwder; 

impulse and reported in Table IV. 26.ooO% PbF2; and 

40 
0,005% dibutyl tin dilzurate; all percentages being 

Motor Weight based on weight. 
bpprOL1 Vobc % weight % af theoretical 9. The propellant of claim 8 wherein the plastisol 

Kilograms Ibs Solids Cmtent % PbF2 shifting impuk nitrocellulose contains 12.6% nitrogen by weight of 

18.1 40 75 26 96.0 nitrocellulose. 
4.5 10 65 IO 93.0 10. In a propellant canposition selected from the 
4.5 10 65 IO 9346 45 group consisting of double base propellants and com- 
4.5 10 65 17 93,8 
4.5 1Q 65 26 94.2 

posite modified double base propellants wherein the 

4.5 10 f5 10 93.2 improvement comprises rhe addition to the propellant 
4.5 10 75 10 93.8 composition of a lead salt selected from the group con- 
4.5 10 75 17 94-4 sisting of PbFiand PbFd and mixtures thereof, wherein 
4.5 IO 75 17 94.8 50 the lead salt is present in UI amount between 5 and 45% 
4.5 10 75 26 94.0 
4.5 IO 75 26 94.8 by weigh! based an the total weight of the propellant 
4.5 IO * 75 34 94.2 composition. 
4.5 10 75 34 94.4 11. The propellant composition of claim 10 wherein 
4.5 IQ 75 0 92.5 
4.5 10 75 0 92.6 

the kad salt is present in an amount kween 17 and 
55 26Y0 by weight based on the total weight of the prop& - 

lant composition.. 
’ This example shows the effectiveness of the lead 12. Ai improved ccrnpcsite modified double base 
fluoride and tile lack of detrimental effect on other propellant composition wherein the improvement com- 
proDellant features. prises the addition to the propellant composition of a 

dbviously numerous modifications and satiations of 60 lead salt selected from rhe group consisting of PbF; and 
the present invention are possible in kight of the above PbFdand mixtures thereof, wherein the 1-d salt is pres- 
teachings. It is therefore to IX tinderstood that, -within , ent in an amount between 5 and 45% by weight basyd 

the scope of the appended claims, the invention may be on the tobl weight of the propellant composltlon. 
practiced othertsk than as specifically described. 13. The propellant co~~position of claim 12 wherein 

Whar i: claimed as new and desired to be secured b>f 65 the lead salt is present in an amounr berween 17 and 
Letters Patent of rhe ‘tjnitcd States is: 26% by weight based or; :he total weight of the propcl- 

I. in 2 propellatH comprising ;! nitrocellulose-contain- Iant corn@ Con. 
ing bindcry and an uxidizcr, the inlpro\remcnt compris- 

8 8 8 8 8 


